Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6

CENTRAL lt)'ﬂ'ELLIGENCE AGENCY

This i the A f of the United States within: the mwmng of the Ew Lam Tl'h
18, US.C. S«: 793 ond 794, »mirammumon or mwdwmd\ in any manner 10 on
" C-O~N-F-I-D-B-N-T-I-A-L
COUNTRY USSR REPORT NO.
SUBJECT ‘ DATE DISTR.
N.G. Politov's Article "Semi-Conductor

Properties of Colored Crystals of KC1" NO. PAGES 1

REFERENCES
DATE OF
INFO.
PLACE &
DATE ACQ. |
THIS IS UNEVALUATED INFORMATION .
-end- K12V

5 5
4 C-0-N-F=I~D-E-N-T-I-A-L 4
3 == . 3
2 ¥ 2
1 - 1

STATE [ Tarmv T Inawy [ Taw [ Trm [ Taec [ 1 1 [ 1

MATION <tPOR:

[ ) NO DISSEM_ABROAD LIMITED
< Disseminaten limited to full-time employees of CIA, AEC and FBI; and, within State and Defense, to tha intelligence campanlntl other
-cing m-n[- and higher echle with their i di nupportml staffs. Not to be di i 1 projects or

ol o MM ferm active duty (excepting individuals who are normally full-time -mploym of CIA, AEC FBI State or Dctnuc) uniess the

‘Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6

50X1-HUM

50X1-HUM

50X1-HUM



Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6

50X1-HUM

0\0

<

e“"f

Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6



50X1-HUM

Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6

L

FOR OFFICAL USE ONLY ,

8. 0. Politov
wwﬂmwﬂﬂﬂ

Chapter X. mwun&nmwwm'
' comnected with Thea.

I. ZnsEeduaiien
mmuwummmm-uum

a special interest to the physice of solid state, sinee it

allows ue te undsrstand some properties of all solid substances.

The colowing of cryitals of alkali balides can be pro-
duced by differeat methods, but with this, so-called coler
centers are formed. hm-mmmm,dm
crystal, the celoring of the Crystals serves &s & means for
strecture stuly of real orystals.

wmm-mmamm.
Such erystals luminesce sufficiently well, snd addition of ad-
mixture of heavy metals mahes them suitable for dosimetric
Puzposes.

Mhmemmlmmnmum
which are prefoundly influenced by the basic disturbance of
the crystal lattice, namsly: excitoms, slectrons and holes,
vacancies of the lattice ions, admixture atoms and dislocations.
The propertiss of colored alkali halide arystals are described
in a number of wowrks [1-8). The iuvestigatiem of coloring
mmzmmmMmm
of structure of solid bediss and the mechanism of emissien
of 1ight,
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A great -mxuity is found bomn lminuconcc md
coloring.  Therefore, the t.eu "centers”, used for denotation
of pbocphonmc cu::.;:s. was used also for dououuom of
color carriers (absorption) in colored crystals.

The experimental facts have lead to the conclusion that
the disruptions in the lattice play a great role in formation
of coloring. |

Prenkel [7] and schottky [a] have investigated two types
of lattice defects which are now called "Frenkel defects" and
"gchottky defects®. _

The "Prenkel defect” comsists of an iom in an interstitial
and a vacancy of an iom in the lattice. The “schottky defect®
consists of two vacancies of ions of different signs.

Thermodynamic investigation shows that the free energy
of the lattice with vacancies is less than that of a disturbed
lattice, consequently the first condition is more favorable.
At equilibrium a definite number of ion vacancies corresponds
to each temperature., This nusber groiu with increase of tem—
perature. At rapid cooling such a numbex of vacancies may be
"grozen" which corresponds to a higher temperature than that
to which the crystal was cooled, Then a metastable condition
arises. The "schottky defects” play the chief role in the
phenomenon of coloxring -nmn halide compounds; the "Frenkel
defects"” in the silver halides.
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ntoly. fm: otpl,muon of thu bohlvm of tcal crystah.
duturbumn of t.ho latucc are p:oducad cl:llcd dtnocati.om
[9—12] | | - ‘ \

‘ xn thc ct-plut mo. th. f.orut:l.on o! dinlmttm can
be pl.ctund Ln tlu £onov1nq nmr. umuly rutrtetod semi-
plane (MLM.-M plm) is injected bot.mn two. lattm planes,
:uultm tm which along the boxdnrn of thn mi-plm forms
a dumpucn of the oxder ot th- otructnnl urd.t: of the 1atu.e¢.
mmcluy J.t is more probnblo that th. bo:dqt of tho
nnt-plm (lmtr dislocation of hylw-w:sﬁ;‘ﬁll have
ledges, steps, or jogs. F. Seits $13,14] has pointed out that
at pl.unc d-tennuon these same _jogs can evoke th- rise of
new ua!.c vucmm wvhich oxpln.tna the cntor colormg of crys~
tals oubjoct.d to pressure, Deformed crystals also possess a
higher iomic conducttvxty.

m: typ of di-locnum Are so ennod ap’.nl dis~
locations vhich play an important role at crystal qrovt.h. They
can be dotqctod,. in a m.ho:‘ot‘cm; on -Lcrophotog_up!u on the
ap’iaruaét ¢£ | n,:l,:il-l_i.lu edges on the mftaci of cmu_h.

ﬁ munt 1dm Mt colounq of c:ycuh are based
on tho diagram of the mmuc levels of the crystal proved
by the quantum mechanics [4-6, 15-19].

In the work of achoetny and u&unnn 1t 1- shown that the
division of levels ute M uul nccoym J.ovelu. buod on
their enerxgetic puiuoa rcntivc to the valence sone and the
sone of conductivity is incomplete. From the point of view of
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similar classification, the levels of activation in phosphori,
which lie at the filled zone shouid have the character of
acceptors. Meanwhile, the existance of luminescence of the
activated crystals is explained to the comtrary, by the seisure
of electrens from the zome of conductivity onto these levels.
The authors show that the complate description of the mergetic
levels of the centers should consider their situation in the
forbidden zone just as their *z-&mgm character” (the
change of charge at seisure of the electricity carrier). The
authors propose a convenient set of sysbols for the description
of the condition of admixture centers. There is no actual
difference between the character and the functions of the
muzotntm-ahcmtot-mmmm. and in the
cmullo’mi on the other. In each separate case, it is
necessary to pay as much attention to the position as well as
to the recharging character of the levels.

In the sonal theory, the states of the electrons of
conduction in the o%” approximation are described by flat mod=
ulated waves, while the energetic spectrum of the electrons
consists of alternating "allowed” and "forbidden" sones, The
gonal theory considers most of phencwena in the O approximation,
in which the interaction between the electrons and the lattice
fluctuations are ignored. At the attewpt of explanation of
experiment facts, the ordinary zonal theory meets many difficulties.
In his monographs, dedicated to the investigations on electron

FBR BFFISIAL USE DALY
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theory of crystals, 8. I. Pekar denctes two main shortcomings
of the zomal theory:

. -1) maltielectren task is replaced by a monoelactron [one]
(the electron is viewed in the periodic potential field), which
can not always be substantiated. |

2) The interaction of thé electrons of conductivity with
fluctuations of the lattice is viewed as a minor trouble. In
actuality, howsver, it is great in the majority of crystals [1].
In the mentioned monograph the author expounds on his theory
of polarons, i.e. conditions of crystal with a polarising petential
pit, in which an electron is localised; new methods of exam—
ination of electrons of conductivity and localised slectrons

are proposed,

1AL USE ONLY
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l., In the ooiorod KC1l crystals, besides photoconductivity also
electronic daxk conductivity is observed.

The dark currents were measured in the field of volwmetric
charge (in the shortened crystals).

Previous illumination (simultaneously with application of
external field) increases the dark currents.

The transition of a colored crystal into “"agitated" state
at room temperature is connected with formation of R-centers.
The dissociation of the R-centers with removal of agitation
determines the appearance of the dark electron conductivity.

2. The rise of the dark currents accompanies the formation of
complex R- and M-centers in the stained crystals.

The dark electronic conduction of additively colored crys-
tals of KCl1l depends not only on dissociation of M-—and R-centers
(the maximums around 80° and 120°C), but alsoc on the dissocia-
tion at higher temperatures of F- and K-centers (maximums
about 153° and 180°).

The energy of heat dissociation of Ry~ and R;-centers,
which was determined by measurements of cenductivity with
' temperature, is respectively 0.31 and 0.43 eV.

3. Production of colloidil K deteriorates the semiconductor

Fon Aeonil 1GE QHLY

Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6



4.

5.

6.

Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014200070001-6

FOR DFFIRVAL ISE on1Y 7

properties of the colored crystals: dark slectronic con-
ductivity d-crol-on and luminescent properties grow worse.
The negative volume charge at the surface of the arystal is
formed due to rise of excess cation ncaieiu.

The surplus of cation vacancies can arise: 1) due to
the break-up of vacancy pairs at ciy&ﬁro of electron; 2)
due to departure of catioms, | |
In the colored corystals of KCl the cloct:ong do not pass across
the border of coloration. At the a;plicatién of a field to a
partially colored cry-tli a volume charge is formed at the
color border. An obvious picture of these phenomena is given
by the "cross field" methed, |
For the explanation of the observed "space charge effect” at
the electrical puncture of a KCl -oaecrjneal and “photopuncture”
of a colored KXCl crystal, the results 62 the study of dark
currents were utilized in the field of volﬁ-. chaxcyge.

The processes of production and tran.torlation of the centers
depends on the structural pocﬁlinritios of the lattice.

In the colored crystals the M-centers arise at optical
dissociation of the P-centers, if the crystal was irradiated
beforshand by severe radiation. This is the prwvof in favor
of the accepted model of the Mecenter.

The decoloration of the KCl crystals in the field evokes
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changes in the lattdiceconditioning a more intensive darkening
at repeated coloration.

The K-zone was obtained by several methods in a form manifested
by a belt. Up to this time it was observed in the form of a
step.

The results of the experiments force to consider as incor-
rect the explanation proposed by Mott of the rise of the K-
zone as the result of transition of electrons of FP-centers onto
the second level of excitation.

In the KC1 crystals activated by iilvur, bands of absorption
are cbserved with maximums at )\ »220,230 & 2453 my. The
coloring evokes the rise of P-band and several bands of
additional abserption, out of which the most intensive are the
bands with maximums at )\ = 288 & 440 my.

In the presence of F-band a seeming displacement of the
maximum from 440m, to 465m; is observed. This is explained
by the overlapping of the P-band and a new band.

The band of absorption with the maximum at A = 440m, is
identified with the X-band in inactivated KC1 crystals.

The rise of the uﬂnitostoﬂ K~band at eslectrolytical
coloring of pure as well as silver activated KC1l crystals is
accompanied with thdvrilc of colloidal bands of absorption.

A proposal is suggested and substantiated that the K-centers
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represent the smallest particles of the alkali metal. The

»
¢

mechanism of formation of the smallest particles of K in the
KCleAg crystals is proposed at additive coloring by heating
in the vapor of XK. The role of admixture of silver in the
processes of discharge of the smallest particles of K in the
net is substantiated. |

Depending on the regime of coloring of the crystals of
KCl=AG by heating in the vapoxs of K, a yellow color (K-
band) or violet color (P-band) is cbtained.

Simultaneocus gamma-irradiation of crystals of KCl-Ag with
different concentration of Ag forms gape concentration of F-
centexs as if the crystals were preheated in vapors of K in
such a way that they acquired at this the yellow stain,

In the thermally untreated corystals of KCl-Ag the gon-
centration of P-centers arising at gamma~ixradiation is so
much less the higher the concentration of silver, which is
unprofitable from the point of view of storing of energy in
the orystal at irradiation.

In the thermally treated crystals of KCl-Ag not only do
the similar Fecenters arise independently of the concentration
of Ag, but also the concentration of the F-centers arising at
gammasirradiation is higher than in the crystals not subjected
to heating.

Pre~coloring of XCl-Ag crystals in the vapors of potassium

FOR DFEECIAL WSF owry
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to yellow color facilitates the succeeding coloring by gamma-
irraﬁiatton. Simultaneocus gamma-irradiation of KCl-Ag crystals
with same concentration of Ag evokes the rise of numerous F-
centers in that crystal vhich was previcusly thermally treated.
K-centers play a vital part in the phosphorescence phencmenon.
KCl-Ag orystals with K-centers show better luminescence prop-
erties frxom the point of their utilization for dosimetry of
hard radiation.

The maximal intensity of the stimulated ultraviolet
phosphorescence stained by X-rays 91 KCl~Ag crystals is ob-
sexved at the wave lengths of light )\ = 560 & 4350 ny,.

These two maximums in the spectrum of excitation correspond
to P- and K<bands of absorption.

The introduction of admixture of bivalent ions of cadmium
into the cryttalitlailitatcl the formation of M-centers at
additive staining in the vapors.

At electrolytic staining a new band arises with a
maximum around A = 275 my. In the KCl~Cd crystals dis-
colored in the field, this band is more intensive than in the
colored crystals.

This band is detected also in pure KCl crystals sub~
jected to discoloration in the field.

A proposition is advanced that the V-type centers are
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responsible for this belt into the structure of which cation
vacancies enter. '

Among the pure KCl crystals subjected to additive coloring
and crystals of KCl with admixture Cd the most normal phos~-
phorescence is observed in the case of corystals discolorated
in the field., It is possible that luminescence of the dis-
colorated crystal arises at reccmbination of electrons with
centers of V=type.

Mditively colored crystals of KC1l-Cd phosphoresce weaker
than those not subjected to staining.

The explanation of these occurrences has to be connected
with the dissociation of complexes "ion of cadmium - a cation
vacancy” due to heating at coloring. With the forming of
isolated 2-valent ions of cadmium (“pocittio' charge in the
lattice), the slectrons recombine without radiation, in ac-
cordance with theorstical calculations.

At excitation of uncolored crystals of KC1l-Cd, there may
take place conversion of 2-valent ions entering into the com=
position of the complexes into univalent which already are
not “positive” disturbance in the lattice.

The additive staining worsens the luminescent properties of
crystals of KC1 with admixture of 2~-valent ions of cadmium,
but betters the luminescent properties of crystals of KCl

with admixture of Ag.
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After the influence bf‘haxd radiation the normal as
well as the stimulated phosphorescence of KCl-Ag crystals
is stronger in that case when an additively stained crystal
is subjected to the influence of hard radiation,
The stoxing of enexgy by KCl-Ag crystals at staining by
hard radiation is the reaacn for the observed stimulated
phosphorescence.
The greatest illumination at stimulated phosphorescence
is reached at time of photostimulation of 15 - 20 sec.
At small doses of gamma-radiation of KCleAg crystals the
absorption analysis does not detect centers of coloring.
However, such crystals show a strong stimulated phosphorescence.
Herefrom it follows that the method of stimulated phos-
phorescence is a more sensitive method than the method of
absorption analysis for the determination of crystal coloring

and for the detection of hard radiation.
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